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Jins study demonstrates that up to 8ml of blood can be drawn from donor rats without significantly increasing 

b o ::,r d horm , 0nes and thu s. ca " be «*ed for volume expansion studies 'nfusion of whole 

blood allows more physiological changes than can be seen with volume expansion by saline or other ionic 
solutions. furthermore, the infusion of whole blood to induce hypervolemia may provide an improved modd 

dJawn af C "“if ” anCC ■!? d C0nU01 mcchanisms operative in weightlessness. In this study, blood Samples were 
n as rapidly as possible from femoral artery catheters (microrenathane) chronically implanted in Sprague 
Dawley rats and analyzed for hematocrit, plasma sodium, potassium, osmolality, cortfcasZnc ^pmepSc' 
o epinephrine and vasopressin. Fhe levels were found to be comparable to those of normal rats’ Future studies 

lZa U n a Zu^m deve?' ““‘‘f 8 C ° mpatible and Physiologically comparable whole blood will prov.de data 
at can be used to develop protective measures for the debilitating effects of space flight 

INTRODUCTION 

Blood volume expaasion studies have been conducted to examine fluid adaptation and cardiovascular 
ontrol mechanisms using numerous fluids including hypertonic, hypotonic and isotonic saline water dextran 
solution, albumin and polyethylene glycol (references 1,2). Less frequently investigators have used v‘ole 
blood, plasma or packed red blood cells from compatible donors (references 3,4)' Infusion ofwhoZlod 
allows the composition of the recipient's blood to remain relatively unaltered InfusiZ or I r 

solutions may cause inlracompartmental fluid shifts that modify the normal physiological adaptive processes 

the bio 7 nfZT' UCt, ° n ° f . abCrran ' h ° rmwncs and i( >ns *at may alter or skew the adaption processes 
the bio a infused must ue as close as possible in composition to that of the recipient It is well known that 

surgery, handling, restraint, mictions and commonly used blood sampling techniques can cause fluctuations 
and Janges m the levels of plasma catecholamines and other stress and volume ndemZZZ sZ 
as AC I I I, renin, corticosterone and prolactin (references 5-8). i lowever, little work l.al been done to determine 

In these studies, blood samples were drawn as rapidly as possible from femoral artery cannulated 
unancstheti/ed rats I he blood samples were analyzed for hematocrit, plasma sodium potassium osmolality 

corucos r°ne, Cpmcphrmc ' n °rcpinephrine and vasopressin. The data were analyzed in regard to’ the volume- 

drawn to examine the effects of blood sampling on the levels of hormones and electrolytes listed above 

METHOD 

( kS. S| nT S r, rf'"" r' W “ n , J * M0 ° «"*» ■*<**<> *■» ttato Ki«,r Laboratories 

L toh > i housed m S,nKlc cagos and maintained on a 1212 hour light dark cycle with 

6am , Th |' y WCfC USCd m tht ’ S,Ud - Ihcy achieved a minimum 1 ,k 1 we^i!, 
Itcllf n . u V Crm,nCd ‘° an optimum SIZC forcannulation Standard rat chow and water were 

bv he 7 lhflmgh r lhC CXpCrimcm Room temperature and humidity were controlled as specified 

by the National Institutes of Health Animal Care Guide (reference 9). 

r.illllT 7 rC an 7' hC 7 t ; d UMng a 1 1 mix,ure of KKTASKT (ketamine hydrochloride- Aveco Co Inc ) and 
G JV1.M (xylazine- I he Butler Co.) for the cannula., on procedure The cocktail was in,ec,ed (0 Iml/HlOgn 

ntramuscularly (references 10,1 1) Microrenathane (i d 0.025“ o.d 0.040"- Braintree Scientific Inc ) catheters 

tZmerZr T 7 777 ^7 ““ r ' Kh ' k ‘*° f 17 raLs and fronl ‘here led subcutaneously under the skin 

S ri n n MC , Mim>rcna,hanc has -ported to reduce the prc.bab.lity of intra.Zilar 
hrombosis (reference 12) I he catheters were filled with heparin to maintain patency heal sealed and coiled 

theammalsrecenedOlmi; 

a g . M f I) l-IKIM Urimelh<»pr.msu.ladiaz.m 1 Syntex Animal Health) subcutaneously as a prophylactic 
agent against infection (reference 13). The rats were allowed to recover from the- surgery for one week 


this week, they v/ere conditioned to the manipulation of their catheters by daily handling, in the morning. This 
has been reported to prevent the stress-induced release of corticosterone (reference 14) Non-specific stressful 
stimuli (i.c., sudden or loud noises, excessive movement, unnecessary handling) were kept to a minimum during 
the experiment. 

At the end of the recovery period, blood samples (3ml samples, n=4 ; 6ml samples, n=7 or8ml samples, n=6) 
were drawn as quickly as possible from conscious animals. The blood samples were obtained between 9 a m 
and Z p.r.i, to avoid the effects of circadian variations (reference 15). Prior to obtaining the sample for the assays 
the heparin solution filling the dead space of the cannula (about 0.25ml) was removed Approximately one- 
third of each of the blood samples was mixed with the anticoagulant EGTA (Ethylene glycol bis tetraacelic acid) 
for the catecholamine assay specimen. Approximately 1 50ul was used to fill three heparinized microhematocrit 
tubes and the remaining portion of whole blood was mixed with lithium heparin for the other assays The blood 
was centrifuged immediately (1500 rpm) at 4°C. Ibe EGTA and heparinized plasma specimens were removed 
from the red blood cells and frozen in separate microcentrifuge tubes at -20°C until assayed 


ITie hematocrit was assayed using a previously described microhematocrit procedure (reference 15) The 
p!asma osmolality was determined using vapor pressure osmometry (reference 16). The plasma electrolytes 
(sodium and potassium) were assayed by flame photometry (reference 17). The catecholamines (epinephrine 
and norepinephrine vere analyzed using a radioenzymatic assay method (reference 18). The other hormones, 
corticosterone and arginine vasopressin, were determined using a radioimmunoassay method 
(references 19,20). 


Statistics 

The data was analyzed in two different ways. Analysis of tlk .atistical difference between the 3ml, 6ml and 
8ml samples was performed by one-way analysis of variance. The Mann Whitney Confidence Interval and Test 
was used to compare each of the blood parameters and the blood sampling time for the 3ml blood sample to 
the 6ml and the 8ml blood samples individually, since the 3ml sample was the best control for the.se experiments 
Differences were considered significant whi p < 0.05 (reference 21) 


RESULTS 

One way analysis of variance was used to determine the statistically significant difference Ixtween each of 
the blood parameters for the volumes of blood obtained. 'Ihe ’’ test was calculated at a \m 0 confidence interval 
for the mean differences at each volume collected (3ml, 6ml 8ml) for each of the bio >d assays (hematocrit, plasma 
sodium, potassium, epinephrine, norepinephrine, osmolality, corticosterone and vasopiessin) and the time 
required to obtain the volume The observed E for each of the blood parameters was levs than the critical 1- 
(19.4) determined from the E tabic [hematocrit E(2,l6)= 0.13, osmolality E(2,16)= 0.29; sodium E(2,15)= 5 26, 
potassium: E(2,15)= 12.51, corticosterone: E(2, l6)= 0.68, epinephrine E(2,16)= ].37 ; norepinephrine E(2 16)= 
1.54; vasopressin: E(2,l6)= 0 07] including time: E(2,l6)= 2.891 Therefore, there is no sign, fie; it difference 
txrtween the groups (i.c., blood volumes drawn). 


Die Mann Whitney Confidence Interval and Test was also computed for the mean diffe rences m the blood 
parameters listed above In ’.his analysis, the 3ml blood samples were compared versus first the (uni blood 
samples and then versus the 8ml blood samples The time required to draw the volumes ranged from 17 2 (3ml 
sample) to 106 seconds (8ml sample). Hie lime required to draw sufficient blood from the donor animals does 
increase as a function of time, as anticipated However, there was only a significant difference in the time 
required to draw the 8ml sample as compared to the 3ml sample, not the 6ml sample Interestingly, there was 
a significant difference in the sodium ami potassium levels for the 3ml blood samples versus both the 6ml and 
the 8ml samples (Table 1). 


461 


ng/ml 




r 


TABLE 1 . Blood Volumes Drawn in Respect to Time, Plasma Electrolytes 
(Sodium & Potassium), Osmolality and Hematocrit Levels. 


\/nti;ma /ml) 

* w. M .xw v .. v 

3 

(n=4) 

£ 

<n=7) 

A 

("•=6) 

noforonro \J alnoc 

Tima 

(sec.) 

28.8 ±7.26 

49.1 ±7.54 

61.31 10.2* 

— 

Sodium 

(mEq/L) 

136.51 1.00* 

141.91 1.33* 

142.710.9* 

138-148 (x =143) 

Potassium 

(mEq/L) 

3.9 ± 0.29* 

5.01 ±0.165’ 

4.39 1 0.11* 

4. 0-9. 2 (x = 6.6) 

Osmolality 

(mosm/kg) 

281.917.5 

277.4 1 3.37 

278.2 ±2.1 9 

294 1 1.4 

Hematocrit 

(%) 

41.9 1 3.83 

42.5713.17 

41.810.93 

49 14 

Valuer are t S E M 


Statistical analysis performed using the Mann Whitney U Test. 

♦ n« 3 

* S'gmficant difference compared versus 3ml Wood sample, p< 0 05 



The values were comparable with the range of the reference values reported for normal rats (reference 22) 'I lie 
values for hematocrit, plasma osmolality, epinephrine, norepinephrine, corticosterone and vasopressin 
measured in the 3ml samples were not significantly different from the 6ml or 8ml samples (see Figures 1,2 and 
3). 


Corticosterone 




°2 3 4 5 6 7 8 

Volume 


FIGURE 1. Plasma levels of corti- 
costerone in 3ml, 6ml, and 8ml 
sample volumes. Samples were 
removed from cannulated animals 
as quickly as possible (< 2 minutes) 
and analyzed for corticosterone 
using a radioimmunoassay. There 
was no significant difference be- 
tween the three groups. 
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Vasopressin 



Volume 


FIGURE 2. Plasma levels ot vaso- 
pressin in 3ml, 6ml, and 8ml sample 
voiumes. Samples were removed 
from cannulated animals as quickly 
as possible (< 2 minutes) and ana- 
lyzed for vasopressin using a radi- 
oimmunoassay. There was no sig- 
nificant difference between the three 
groups. 
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Catecholamines 



FIGURE 3. Plasma levels of cat- 
echolamimes (epinephrine & norep- 
inephrine) in 3ml, 6ml, and 8ml 
samples volumes. Samples were 
removed from cannulated animals 
as quickly as possible and analyzed 
forthe catecholamines using a radio- 
enzvmatic assay. There was no sig- 
nificant difference between the three 
groups. 
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Furthermore, the values for corticosterone, epinephrine and norepinephrine appear to be within the limits given 
in other investigations (references 7,8). 
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DISCUSSION 


As expected, the time required to draw blood from donor animals did increase as a function of volume. 
Surprisingly, there was a significant difference (p < 0.05) in the sodium and potassium levels for the 3ml blood 
samples versus the 6ml and 8ml samples. However, these values were comparable to the reference values 
observed in blood samples obtained from control animals in odier studies (reference 22). The mean hematocrit, 
osmolality, corticosterone, epinephrine, norepinephrine and vasopressin levels for the 3ml, 6ml and 8ml samples 
were not significantly different from each other. Moreover, the mean values for the volume and stress sensitive 
hormones appear to be comparable to the reference levels reported in other studies (references 7,8). 

Investigators have studied the numerous and complex adrenocortical and adrenomedullary responses to 
hemorrhage and transfusion, but, little has been done regarding the plasma electrolyte responses (reference 23). 
It has been postulated that the electrolyte responses during weightlessness are the result of endocrine changes 
acting on the kidney to restore "normal" cardiopulmonary volume. The electrolyte response and the endocrine 
interrelationships need to be clarified. 

Plasma catecholamines are a sensitive indicator of sympatho-adrenal medullary activity. The source of the 
epinephrine has been demonstrated tc be predominately from the adrenal medulla (reference 8). The source 
of the norepinephrine has been demonstrated to be primarily from the sympathetic nerves (reference 8). A 
recognized component of the immediate physiological response to stress is the release of catecholamines into 
the blood. Conventional animal manipulations are well known stressors that elicit changes which release 
catecholamines. The opening of the cage, transfer of animals into another room and short term handling has 
been reported (reference 24) to cause epinephrine and norepinephrine levels to increase as much as eight fold. 
In the current studies, withdrawing blood from the femoral artery catheter elicited an increase in the 
catecholamine levels that correspond with the animal manipulations reported in other studies. Although the 
values tend to increase concomitant with the volume of blood drawn from the animal, the values for the 3ml 
camples are not significantly different from the values for the 6ml or 8ml samples. 

Corticosterone is secreted by the adrenal cortices of rats and controlled by a complex negative feedback 
system involving the central nervous system, hypothalamus, pituitary and adrenals (reference 23). Increased 
plasma corticosterone levels can be induced by the same stress inducing manipulations that increase plasma 
catecholamine levels (references 7,8). Corticosterone is also a volume sensitive hormone. Studies by Gann in 
dogs (ref. 23) have demonstrated that plasma cortisol levels are the function of a semi-logarithmic relationship 
with ACTH and an exponential relationship with the magnitude and rate of the hemorrhage. Other studies have 
shown that up to 10 minutes is required to allow stimulation of the aforementioned feedback mechanisms to 
significantly alter the blood levels of corticosterone (reference 25). In the current study, the values for 
corticosterone in the 3ml samples was not significantly different from the levels in the 6ml or 8ml samples These 
samples were drawn in less than 2 minutes, which was not adequate time to stimulate the mechanisms that would 
significantly influence the corticosterone blood levels. 

Arginine vasopressin (A VP) is a hypothalamic hormone, synthesized primarily by hypothalmic neurosecre- 
tory neurons whose axons terminate in the pars nervosa of the posterior lobe of the pituitary gland. Vasopressin 
secretion is controlled by osmotic and nonosmotic factors (reference 26). Vasopressin release is stimulated by 
a fall in blood pressure, an increase in plasma osmolality or a decrease in plasma volume (reference 27). There 
is an exponential nature to A VP release in response to hypovolemia, much like the corticosterone response 
(reference 28). The threshold for stimulation of vasopressin release in hypovolemia is generally to be between 
10 and 20% of the blood volume (reference 27). Ginsberg and Brown (ref. 29) studied changes in vasopressin 
activity after slow and rapid hemorrhages in anesthesized animals and found greater increases in the antidiuretic 
activity in blood samples drawn more slowly. In the current study, there were no significant differences in the 
vasopressin levels of the 3ml, 6ml and 8ml samples, which represents hemorrhages of 7.9%, 15 8% and 21% 
respectively. It can be speculated that in the current study, the degree of hemorrhage or the time for collection 
was not sufficient to elicit an increase in plasma vasopressin. 

This study and the values reported in other studies seem to indicate that "donor" rats’ blood values reflect 
levels that are seen under standard experimental conditions. Therefore, a maximum of 8ml of blood from donor 
rats can be used for infusion into recipient rats to study the physiological adaptation mechanisms of volume 
expansion with whole blood. 
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In space flights, a redistribution of body fluid toward the head and chest as a result of a decrease in hydrostatic 
pressure in the vasculature of the lower limbs (reference 30) has been observed. As blood from the lower 


extremities shifts to the cardiopulmonary space due to loss of gravity, there is an engorgement of tile central 
circulation where the mechanoreceptors involved in plasma volume regulation are located (reference 30) In 
essence, the body perceives a volume expansion. The short term cardiovascular response mechanisms include 
an increased venous return, cardiac output, arterial pressure and individual organ blood flow (reference 31 32) 
resu.U«l uverpermsion of individual organs may bring about long-term autoregulatory changes in arteriolar 
and venular diameter, number and length (reference 33). The long-term regulatory mechanisms also involve 
t.e volume regulating hormones (renin, vasopressin, aldosterone and atrial natriuretic factor). The short-term 
effects invo ve the autonomic nervous system and the plasma electrolytes, such as, sodium, potassium and 
chloride. Alterations are also seen in urine and/or blood levels of kinins, corticosterone and catecholamines 


Numerous studies of the effects of microgravity or the weightlessness of space flight have demonstrated that 
the body s homeostatic mechanisms adapt reasonably soon (days) after exposure to it. Although readaptation 
also occurs upon return to normal gravity, the process is slo' / (weeks) and cardiovascular deconditioning (i.e. 
tachycardia, impaired locomotion, reduced exercise toleranc : and c rrhoslatic intolerance) has caused problems 
for astronauts returning from space ( reference 32). 


These same changes have been seen in simulations of weightlessness (i.e., bedrest, head-down tilt or 
immersion) (reference 35). In human and animal studies alike, consistent simulation conditions are difficult to 
maintain for long periods. Thus, the current data is incomplete, inconsistent and conflicting. Furthermore the 
findings during space flight are often difficult to interpret because of the lack of data from the start of launch 
reduced possibility to obtain blood samples every day and the lack of simultaneous collection of hemodynamic 
hormonal and electrolyte data. It is also difficult to compare the fluid shift data between missions because of 
the difference between the duration of the flights, nature of the missions and the exercise regime, eating habits 
and geneucs or the individual astronauts (and cosmonauts). Therefore, improved human and animal models 
need to be developed for simulated weightlessness to better standardize and control the experimental conditions 
so that the cardiovascular and hormonal adaptations can be fully characterized 


We propose that rats infused with 20-25% excess blood from donor rats will mimic the increased 
cardiopulmonary volume seen in weightlessness and thus constitute a model for the study of fluid shifts and 
cardiovascular changes. We speculate that the hypervolemic/volume expansion model will not have the 
previously described deficiencies. Use of an animal model will allow blood collection and cardiovascular 
monitoring that is not feasible on human subjects Direct comparisons can be made between these animal studies 
and those conducted during space flight. Further more, these ground support studies will provide valuable data 
to help differentiate and distinguish the fluid balance and control adaptation mechanisms from the bone and 
muscle changes observed in other animal models of weightlessness and during space flight. 

In future studies, we will infli.se compatible and physiologically comparable donor blood, as described and 
characterized above, into recipient rats, to simulate the fluid shifts of weightlessness. These experiments will 
describe the fluid balance factors (cardiovascular, renal and hormonal) operative in simulated weightlessness 
In this manner, we will obtain a complete picture of the fluid shifts during simulated weightlessness and the 
attendant compensatory adjustments. These experiments may also provide data that can be used to develop 
protective measures for the debilitating effects of space flight and determine whether weightlessness will 
accelerate or ameliorate some cardiovascular diseases. 
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